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ORIGINAL CONTRIBUTION
Paranasal sinus osteoma: is there any association with 
anatomical variations?*
SUMMARY
Background: Developmental disturbances of the paranasal sinuses are proposed as the cause of osteoma. We examined 
whether such disturbances may result in the frequent presence of anatomical variations of the paranasal sinuses in patients 
with osteoma.
Methodology/Principal: The study was performed retrospectively on 2,820 patients subjected to CT examination during 
2005 - 2011. Demographic and CT characteristics of osteoma, and associated pathological !ndings were evaluated for 104 
patients with diagnosed osteoma. The presence of anatomical variations was assessed for 51 osteoma patients with a com-
plete medical history, and for 1,233 patients from a control group.
Results: The prevalence of osteomas was found to be 3.69%, with male to female ratio 1.08:1. The frontal sinus was most 
commonly a"ected. The presence of anatomical variations was more frequent in patients with osteoma than in controls, with 
signi!cant di"erences con!rmed for the sphenomaxillary plate, infraorbital cell, and crista galli pneumatization. 
Conclusions: The paranasal sinus osteoma is associated with higher prevalence of anatomical variations. This can be 
explained either by the stronger in#uence of genetic and/or environmental factors on the development of the paranasal 
sinuses in patients with osteoma, or by their higher susceptibility to abovementioned factors.
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Introduction
Paranasal sinus osteoma is a benign osteogenic lesion, often 
diagnosed as an incidental radiological !nding. The prevalence 
among patients subjected to the standard radiography and 
computed tomography examination is reported to be around 
1% and 3%, respectively (1-4). Male individuals are generally more 
a"ected than females, with the male to female ratio 1.5 - 2.6:1 
(5-7). The most commonly involved site is the frontal sinus with 
60-96% of the diagnosed osteomas (1,8-10). Although the majority 
is asymptomatic, their clinical importance lies in the possibility 
to cause various complications (6,11).
The etiology of osteoma is still doubtful. In addition to the 
proven in#uence of genetic factors on the development of 
multiple osteomas in Gardner’s syndrome (11), the cause of 
solitary osteoma is unknown. The proposed explanations such 
as trauma, in#ammation, embryological factors, calci!cation of 
a polypus, metaplasia, and alteration of the calcium metabolism 
ensued mainly from the clinical assessment of individual cases 
(12,13). Despite the fact that none of the proposed hypothesis has 
been proven (13), there is a tendency in the literature to explain 
the etiology of paranasal osteomas by traumatic, infectious or 
developmental (embryonic) theories. 
According to the traumatic theory, deregulation of bone remo-
deling caused by trauma leads to osteoma development (14). 
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The suggestion was based on a small number of patients, who 
have su"ered facial or even surgical trauma before the diagnosis 
of paranasal sinus osteoma (9,15-17). The period of bone growth 
during puberty had been recommended as critical for the deve-
lopment of trauma-induced osteomas (9). The theory explained 
male preponderance due to their greater exposure to trauma (18). 
The infectious theory proposes that chronic in#ammation plays 
a key role in the development of osteomas (19). The persistent 
irritation acts as a trigger for the proliferation of osteoblasts in 
the mucoperiosteum and subsequent increase in the osteogenic 
activity, which results in osteoma formation (20-23). However, some 
authors believe that sinusitis occurs due to osteoma induced 
improper sinus drainage (6,7).
The majority of osteomas of unknown cause have been at-
tributed to developmental anomalies. Based on this embryonic 
theory, osteomas arise from osseous proliferation at the junction 
where the cartilaginous ethmoid bones meet the membranous 
frontal bones (24,25). In favour of this theory is that osteomas are 
frequently diagnosed at the fronto-ethmoidal junction (24,26). 
However, this theory cannot explain osteomas in maxillary and 
sphenoid sinuses. 
Similarly to osteoma, it has been reported that both genetic and 
environmental factors in#uence the development of anatomical 
variations of the paranasal sinuses (27,28). Studies on monozygo-
tic and dizygotic twins have suggested that the appearance of 
certain anatomical variations is genetically determined, while 
other anomalies develop under the in#uence of the environ-
mental factors (27,28). However, there are no suggestions whether 
the same developmental disturbances responsible for osteoma 
development would possibly result in the frequent presence of 
anatomical variations in these patients. 
Despite the fact that epidemiological and radiological charac-
teristics of the paranasal sinus osteomas have been reported 
in numerous studies, there are no such data published for the 
Serbian population in recent literature.  
The aim of this study was to evaluate demographic and radio-
logical characteristics of paranasal sinus osteomas in patients 
from Serbia. The presence of anatomical variations was also 
evaluated in this patient group to reveal a possible association 
with osteomas. 
Materials and methods
Study design
The study was performed on 2,820 patients subjected to CT 
examination due to suspected sinus disease in the period 2005 
- 2011. Radiological examination was performed using Com-
puted Tomography (Siemens Somatom Sensation 16) at the 
Department of Radiology, Faculty of Dentistry, Belgrade, Serbia. 
Paranasal sinuses in each patient were scanned in 3 mm thick 
axial sections and then reconstructed in the coronal plane with 
slice thickness of 0.75 mm. All patients were examined by the 
same radiologist, the coauthor of this paper (Z.R.). 
Paranasal sinus osteoma was diagnosed in 104 patients. Demo-
graphic characteristics (age and gender distribution), frequency 
of osteoma, CT characteristics of osteoma (location, side), and 
the presence of associated pathological !ndings were obtained 
from radiological reports that were available for all patients. 
Further analyses were performed on CT scans of 51 patients exa-
mined after June 2008, while the storage of CT documentation 
in our department started after this date. Scans of this patient 
group were reexamined to obtain data of osteoma size, shape, 
structure, and density. Size of osteoma was measured on axial 
slices (Figure 1a). Structure of osteoma was evaluated according 
to Earwaker (1). The distance of osteoma from fronto-ethmoidal 
junction was measured on coronal sections for frontal and 
ethmoid sinus osteomas. The presence of the following ana-
tomical variations was evaluated: supraorbital ethmoidal cell, 
sphenoethmoid cell, infraorbital ethmoidal cell, sphenomaxillary 
plate, pneumatization of the anterior clinoid process, pterygoid 
pneumatization, crista galli pneumatization, and concha bullosa. 
The variation was counted as present if it was observed on at 
least one side, except for the crista galli pneumatization. The 
level di"erence between cribriform plate and ethmoid roof was 
also measured.
A group of 1,233 patients without diagnosed osteoma, whose 
Figure 1. Axial computed tomography scans (bone window) show large 
osteoma in the left ethmoid sinus (a), and right-sided ethmoid osteoma 
associated with polyposis (b). 
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Associated pathology
Frontal      
(n = 71)
Ethmoid             
(n = 29)
Maxillary   
(n = 1)
Sphenoid
(n = 3)
Total
(n =104)
None 56 (78.8%)) 11 (41.4%) 1 (100%) 2 (66.7%) 70 (67.3%)
Catarrhal sinusitis 14 (19.7%) 10 (34.5%) - 1 (33.3%) 25 (24.0%)
Polyposis - 5 (13.8%) - - 5 (4.9%)
Generalized in#ammation 1 (1.4) 3 (10.3%) - - 4 (3.8%)
Table 1. Pathological !ndings in paranasal sinuses associated with osteoma.
CT scans are also stored in our department during the above-
mentioned period, were introduced as a control group. Patients 
with a history of acute trauma, surgical intervention, neoplastic 
process, or extensive pathology that altered sinonasal ana-
tomy were excluded from the study. The presence of the same 
anatomical variations was also evaluated for the control group 
of patients. 
Statistical analysis
Data were analysed using SPSS 15 (Statistical Package for the 
Social Sciences). Parametric data were compared by means of 
Students’ t test or Mann-Whitney test, depending on the nor-
mality of the data distribution. Fisher’s exact test was used for 
qualitative data analysis.
Results
Paranasal sinus osteoma was diagnosed in 104 (3.69%) patients 
examined during 2005-2011. Patients were between 18 and 81 
years old at the moment of diagnosis (mean age 49.5 ± 14.3 
years). Males (54; 51.9%) were slightly more a"ected than fema-
les (50; 48.1%), with male to female ratio 1.08:1. Frontal sinus was 
the most common location of osteomas (71; 68.3%), followed 
by the ethmoid sinuses (29; 27.9%). In four patients, osteoma 
was diagnosed either in the maxillary sinus (1 case; 1.0%) or in 
the sphenoid sinus (3 cases; 2.9%). Right-sided paranasal sinus 
osteomas were more frequent (50.9%) than left-sided (35.6%). 
Nine patients had osteoma placed in the sagittal plane (8.7%), 
whereas bilateral osteomas were detected in 5 cases (4.8%). 
None of the patient had paranasal sinus osteoma(s) associated 
with Gardner syndrome. In one patient, osteoma was surgically 
removed due to intraorbital complications (Figure 1a). There 
were no other complications detected on computed tomo-
graphy.  
In the same sinus where osteoma was located, associated pa-
thological conditions were present in 34 (32.7%) patients (Table 
1). The pathological conditions include catarrhal sinusitis (25; 
24.0%), polyposis (5; 4.9%), and generalized in#ammation (4; 
3.8%) in descending order (Figure 1b).
The other parameters were evaluated in the group of 51 patients 
with an average age of 50.3 ± 13.4 years (range 18 - 81 years). 
Fifty-four osteomas were diagnosed in these individuals (3 were 
bilateral). Osteomas were dominantly oval in shape (33 cases; 
61.1%), whereas a similar number of round (11; 20.4%) and ir-
regular (10; 18.5%) osteomas was observed. The size of osteomas 
varied from 2.2 mm to 17.9 mm at their greatest points with the 
mean diameter 8.07 ± 4.04 mm. The majority of osteomas were 
composed of uniformly sclerotic bone (53.7%). The remaining 
cases showed the heterogeneous structure without (17, 31.5%) 
or with well-de!ned cortical shell (5 osteomas; 9.3%). Only two 
osteomas (3.7%) had cancellous structure, while target like 
appearance was observed in one case (1.8%). Mean osteoma 
density was 1,171.1 ± 387.4 HU, ranging from 471.1 HU to 1791.0 
HU. Out of 51 osteomas (including cases with bilateral osteomas) 
located in frontal and/or ethmoid sinuses, there were 18 (35.3%) 
located in the region of fronto-ethmoidal junction. In other 
fronto-ethmoid osteomas the distance from the fronto-ethmoi-
dal junction varied up to 70.8 mm, with the mean distance 9.9 ± 
5.8 mm. 
The control group consisted of a similar number of males 
(48.7%) and females (51.3%), with a mean age of 49.2 ± 16.1 
years. Statistical analysis showed no signi!cant age (t = -0.262; 
p > 0.05) and gender (Fisher’s Exact Test, p > 0.05) di"erences 
between two patient groups. 
The presence of anatomical variations in osteoma group and 
controls is summarized in Table 2. Concha bullosa was the most 
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Figure 2. Coronal CT scans of a male patient show the frontal sinus osteoma (a) coexistent with the concha bullosa (b), sphenomaxillary plate (c), 
pneumatized pterygoid processes (d, asterisk), and pneumatized the anterior clinoid process (d, arrow).
Anatomical variation Osteoma group
(n=51)
Control group
(n=1233)
Statistical analysis
Supraorbital ethmoidal cell 2 (3.9%) 23 (1.9%) p > 0.05*
Sphenomaxillary plate 12 (23.5%) 105 (8.5%) p < 0.01*
Sphenoethmoid cell 2 (3.9%) 61 (4.9%) p > 0.05*
Pneumatization of anterior clinoid 
process
6 (11.8%) 67 (5.4%) p > 0.05*
Concha bullosa 19 (37.3%) 348 (28.2%) p > 0.05*
Infraorbital ethmoidal cell 8 (15.7%) 36 (2.9%) p < 0.01
Pterygoid pneumatization 18 (35.3%) 310 (25.1%) p > 0.05*
Crista galli pneumatization 8 (15.7%) 63 (5.1%) p < 0.01*
Level di"erence between cribri-
form plate and ethmoid roof (in 
mm) 5.0 ± 1.7
5.4 ± 2.1 5.0 ± 1.7 Z= -1.282; p > 0.05**
Table 2. The presence of anatomical variations in patients with osteoma and control group.
* - Fisher’s Exact Test, ** - Mann-Whitney Test
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commonly observed variation in both groups, followed by 
pterygoid pneumatization and sphenomaxillary plate (Figure 
2). The presence of the majority of anatomical variations was 
generally more frequent in patients with osteoma (Table 2). The 
same was observed for the level distance between cribriform 
plate and ethmoid roof. Only the sphenoethmoidal cell was 
more commonly seen in controls. The presence of sphenomaxil-
lary plate, infraorbital cell, and crista galli pneumatization was 
found to vary signi!cantly between groups (Table 2). Observed 
di"erences in the presence of other anatomical variations were 
not reached statistical signi!cance.
Discussion
Data relating to the demographic characteristics of osteomas in 
Serbian population are scarce. Among the few published papers, 
Udovicki et al., described 30 cases of paranasal sinus osteomas 
treated during the period 1960-1989 (29), while Savic and Djeric 
proposed indications for surgical removal of sinus osteoma in 61 
patients (30). The authors reported a slight male predominance 
and the frontal sinus as the most common location of osteoma. 
Our results related to gender distribution and location of oste-
omas are consistent with data from literature (1,4,7,30). However, 
we found a slightly higher prevalence of osteomas (3.69%) in 
comparison with the average prevalence of 3% (1,7). This can be 
interpreted as an incidental !nding rather than a real increase in 
the prevalence of osteoma in the Serbian population. In general, 
the number of patients subjected to radiological examination 
due to chronic sinusitis increases worldwide and thus the pos-
sibility to detect osteoma (31). The increasing prevalence of oste-
oma has been reported in the last few decades along with the 
development of imaging technique used for diagnosis (6). In the 
era when plain radiography was the main diagnostic tool, the 
reported prevalence increased from 0.4% to 1% (1,6). However, 
after CT was established as a method of choice for the diagnosis 
of the paranasal sinus diseases (31), the prevalence increased to 
3% (6,7). Moreover, osteomas are most commonly encountered 
in fourth decade (4), which is also the peak incidence of chronic 
sinusitis (31). 
Large population studies showed sinusitis coexistent with 
osteoma in around one third of the patients (7). In our sample, 
osteomas were accompanied by pathological !ndings in sinuses 
in a similar percentage (Table 1). However, the exact causal 
relationship between osteoma and sinus in#ammation has not 
been established yet. According to the !rst hypothesis, the size 
of osteoma and/or its location near sinus ostia in#uence the 
improper sinus drainage and the consequent development of 
in#ammation (6). Radiological evaluation by means of CT may 
be helpful to support this hypothesis. There are also opposite 
suggestions in the literature. Namely, chronic sinus in#am-
mation may act as a trigger for bone proliferation and conse-
quent osteoma development (19-23). It is more di$cult to discern 
clinically whether the osteoma occurred primary or secondary 
in the cases with coexistent chronic in#ammation, particularly in 
patients with small osteomas subjected to the CT examination 
for the !rst time. Erdogan et al. reported osteoma accompanied 
by polyposis in around 28% (7). In the present study, CT revealed 
polyposis in only !ve (4.9%) patients. Given that osteoblasts 
need time to form an osteoma of a few mm in size, it seems 
more likely that osteoma was present before development of 
chronic in#ammation. This is supported by the fact that majority 
of osteomas are clinically silent and represent coincidental 
!nding on radiographies (1). 
Facial trauma during bone growth in adolescence has been sug-
gested to interfere with bone remodeling, which leads to oste-
oma development (14). Greater exposure to trauma in males was 
also implicated in the traumatic theory (18). Our results, however, 
showed almost equal a"ection of both sexes. Given that the 
data related to the history of facial trauma during adolescence 
were missing, the role of trauma in the present study can not be 
estimated with accuracy. 
The embryological theory assumes osteomas as a consequence 
of disturbances during bone development. The region of the 
fronto-ethmoidal junction was considered as the main loca-
tion where such disturbances occur due to close relationship 
between the bones with di"erent ossi!cation patterns. The 
theory was used to explain the appearance of fronto-ethmoid 
osteomas. However, out of total 51 fronto-ethmoid osteomas 
diagnosed in our patients, only 18 (35.3%) were located at 
the level of the fronto-ethmoidal junction. Many authors also 
showed that a signi!cant number of fronto-ethmoid osteomas 
do not arise from the junction (24,32). Nevertheless, the etiology 
of osteoma is most commonly attributed to the embiological 
factors. 
Both genetic and environmental factors have been also repor-
ted to in#uence the development of anatomical variations of 
the paranasal sinuses. Chaiyasate et al., suggested a genetic 
in#uence in the development of concha bullosa due to its more 
frequent presence in monozygotic twins than in dizygotic 
twins. In the general population, concha bullosa is the com-
monest anatomic variation after nasal septal deviation (33,34). In 
our sample, this variation was also the most frequent in both 
groups, with the higher percent detected in the osteoma group 
(Figure 2b). However, observed di"erence was not statistically 
signi!cant (Table 2). Pneumatization of the pterygoid processes 
(Figure 2d) and the sphenomaxillary plate (Figure 2c) were also 
dominant in both groups, with signi!cant di"erence detected 
in the last (Table 2). The di"erence could possibly be attributed 
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to variations in the degree of sinus pneumatization. The state is 
supported by the fact that the osteoma group had also signi!-
cantly higher percent of the pneumatized crista galli. Although 
there are no suggestions which of the proposed factors are do-
minant in the development of these anatomical variations, the 
degree of the sinus pneumatization has been addressed to ge-
netic factors (27). Probable genetic in#uence was also reported for 
the level distance between the cribriform plate and the ethmoid 
roof, and for the bilateral presence of the supraorbital cell type I 
and II (27). Although the higher frequency of the supraorbital cell 
and the greater values of the level distance were recorded in pa-
tients with osteoma, the di"erences were not reached statistical 
signi!cance when compared with the control group (Table 2). 
Environmental factors were suggested to play a dominant role 
in the development of the septal deviation, infraorbital cell, and 
the supraorbital cell type III and IV (27,28). Facial trauma has been 
recognized as one of the environmental factors that causes 
nasal septal deviation (28). However, the presence of this variation 
was not evaluated in our study, since the data related to the 
history of the facial trauma were not available. The groups dif-
fered signi!cantly in the presence of the infraorbital cell, which 
was more frequent in the osteoma group (Table 2). This !nding 
may indicate that patients with osteoma were under greater 
exposure of the same environmental factors that also in#uence 
the development of the infraorbital cell in the control group. 
The same could be hypothesized for the genetically determined 
development of the sphenomaxillary plate and the crista galli 
pneumatization. It is also possible that patients with osteoma 
were more susceptible to the same genetic and environmental 
factors that caused the development of the anatomical variati-
ons in both groups. 
Although our results are limited to a small number of patients, 
clinicians should be aware of the possible association between 
osteoma and anatomical variations. Their coexistence is of a 
special clinical importance if the patient has to be treated sur-
gically due to osteoma related complications (6). Further studies 
on larger series are needed to clarify the exact nature of the 
association between osteoma and the anatomical variations. 
In conclusion, our results suggest that patients with osteoma 
develop anatomical variations of the paranasal sinuses more 
frequently than patients without osteoma. The paranasal sinus 
osteoma was associated with the sphenomaxillary plate, infra-
orbital cell, and crista galli pneumatization, which all showed 
signi!cantly higher prevalence in osteoma group in comparison 
with controls. The association could be explained either by a 
stronger in#uence of the genetic and environmental factors on 
the development of the paranasal sinuses in patients with oste-
oma, or by their higher susceptibility to both abovementioned 
factors. The presence of the anatomical variations is of special 
clinical importance if the osteoma has to be surgically removed. 
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